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difference	 in	 results	 between	 the	 Tscan	 measuring	 technique	 and	 the	 Suns-Voc	 and	 Isc-Voc	
techniques	 have	 been	 analysed.	 A	 trend	 of	 lower	 values	 for	 bVmpp	 from	 Tscan	 measurements	
indicates	that	Rs	has	a	negative	effect	on	the	bVmpp.	Generally,	the	results	show	that	b	for	current	





For	most	 of	 the	 cells	 calculated,	 standard	 deviation	 is	 very	 low	 for	 both	 current	 and	 voltage	
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 Introduction  
	
The	 energy	 from	 the	 sun	 is	 the	 biggest	 and	most	 important	 energy	 source	 in	 the	world.	 Still,	
most	 of	 the	 energy	 used	 today	 is	 old	 solar	 energy	 that	 has	 been	 stored	 underground	 for	
thousands	 of	 years.	 Fissile	 fuels	 have	 been	 the	 most	 important	 energy	 source	 in	 modern	
history[1].	 Even	 though	we	 have	 adapted	 to	 a	 life	where	we	 rely	 on	 these	 ancient	 sources	 of	
energy,	it	does	not	mean	it	has	to	stay	this	way.	One	common	estimate	is	that	the	accumulated	
solar	 energy	 that	 reaches	 the	 surface	 of	 the	 earth	 every	 year	 is	 15,000	 times	 bigger	 than	 the	
yearly	 energy	 consumption[2].	Renewable	 energy	has	 seen	 rapid	 growth	 the	past	 decade	 and	
today	 photovoltaic	 (PV)	 power	 is	 leading	 the	way.	 PV	 has	 the	 last	 years	 seen	 an	 accelerating	
growth,	over	the	course	of	2016	the	total	installed	PV	capacity	rose	with	about	33%	which	is	at	
least	 98	GW.	 And	 the	 rise	 has	 continued	making	 the	 total	worldwide	 installed	 PV	 capacity	 at	




way	 to	 transform	 solar	 energy	 directly	 into	 electric	 energy.	 The	 efficiency	 of	 PV	 cells	 is	
continuing	 to	 rise,	 as	 technology	 is	 evolving	 rapidly	 in	 the	 renewable	 field	 due	 to	 increased	
awareness	and	focus	on	improvement.	The	most	used	material	in	converting	solar	radiation	to	
electricity	 today	 is	crystalline	silicon	(c-Si),	with	95%	of	 the	worldwide	PV	production[5].	The		
c-Si	 cell	 is	 a	 stable	 and	well	 tested	 technology	which	has	proven	 to	be	effective	 for	 electricity	
production,	with	record	efficiencies	of	lab	cells	at	26.7%	for	mono-crystalline	cells	and	22.3	for	
multi-crystalline	cells	in	2017[6].	In	commercial	use	the	efficiency	numbers	are	lower,	however	
in	 the	 past	 decade	 wafer	 based	 silicon	 modules	 have	 increased	 from	 about	 12%	 to	 17%	
efficiency	 (with	 some	producing	as	high	as	21%)2017[7].	PV	 technology	will	never	be	able	 to	
reach	100%	efficiency	with	current	methods	due	to	limiting	factors,	mainly	thermalization	and	
transmission	 losses[8].	However,	 there	 is	 still	 plenty	 of	 room	 for	 improvement	 in	 existing	 PV	






the	main	parameters	of	a	PV	device.	For	most	PV	devices	an	 increase	 in	 temperature	means	a	
decrees	 in	 power[10].	 The	 effects	 of	 temperature	 are	 widely	 known,	 and	 the	 temperature	
dependency	of	a	device	is	in	some	way	considered	when	planning	a	PV	installation.	Temperature	












selection	of	multicrystalline	solar	cells	 that	vary	 in	cell	architecture,	resistivity	and	position	 in	
the	silicon	ingot.	More	specifically	the	b	of	the	open	circuit	voltage	(Voc)	will	be	compared	to	the	
b	 of	 the	maximum	power	point	 voltage	 (Vmpp).	The	 same	will	 be	done	 for	 the	b	 of	 the	 short	
circuit	current	(Isc)	and	the	maximum	power	point	current	(Impp).	Measurements	will	be	done	











individual	 parameters	 in	 a	 PV	 device.	 By	 doing	 real	measurements	 of	 real	 cells	 experimental	
data	can	be	used	to	further	expend	the	knowledge	in	this	field.		
	





























2.1 Solar radiation 
	
The	 sun	 is	 emitting	 vast	 amounts	 of	 electromagnetic	 radiation	 caused	 by	 its	 immense	 heat.	
Radiation	 emitted	 has	 different	 wavelengths	 determined	 by	 the	 temperature	 of	 the	 sun.	 The	
radiation	can	be	seen,	using	Plank’s	radiation	law,	as	a	blackbody	with	a	temperature	of	5778K	










through	 the	air	energy	 from	the	radiation	 is	 lost.	Sunlight	 travelling	 the	shortest	way	 to	earth	
when	 the	 sun	 is	 at	 90°	 is	 called	 air	 mass	 1	 or	 AM1.	 The	 standard	 radiation	 strength	 for	 PV	

















2.2 Photovoltaic cells 
	




2.2.1 Cell material and Construction 
	
Solar	 cells	 are	made	 from	 semiconductor	materials,	which	 is	materials	 that	 can	 act	 both	 as	 a	




III	 and	V	 in	 the	periodic	 table.	The	different	 elements	have	 certain	 similarities,	 but	 also	 some	
different	properties.	Differences	in	the	material	properties	are	being	exploited	to	make	PV	cells.	










Figure	 1-2	 is	 showing	 a	 sketch	 of	 what	 happens	 when	 energy	 is	 applied	 to	 a	 silicon	 crystal	
lattice.	When	enough	energy	is	applied	some	electron	will	break	free	from	the	lattice	and	in	its	
place,	there	is	now	a	hole.	The	free	electron	is	now	traveling	along	the	lattice	and	the	material	is	









In	 Figure	 2-2	 a	 representation	 of	 the	 bandgap	model	 of	 an	 intrinsic	 semiconductor	 and	 how	





























Figure	2-3	 is	an	 illustration	of	 the	working	principles	of	a	solar	cell	and	 its	position	 in	a	solar	
panel.	A	solar	panel	is	basically	several	solar	cells	connected	together	in	a	protective	housing.	In	
essence	a	PV	cell	 is	 a	piece	of	 semiconducting	material,	normally	 silicon,	where	 the	bottom	 is	
doped	to	become	a	p	type	and	the	top	is	doped	to	become	a	n-type	material.	The	goal	is	to	make	
a	 large	 surface	 area	 to	 absorb	more	 sunlight	 to	 the	 p-n	 junction	 to	 start	 the	 process	 seen	 in	















2.3 The IV curve 
	
	















































causes,	 movement	 of	 current	 through	 the	 emitter	 and	 the	 solar	 cell	 base,	 resistance	 in	 the	
connection	between	the	metal	contacts	and	the	silicon	and	the	last	is	resistance	in	the	top	and	






2.4 Effect of temperature in silicon solar cells 
	
Temperature	has	a	relatively	large	effect	on	the	performance	of	a	PV	cell.	Higher	temperatures	










The	 linearity	 of	 the	 parameters	makes	 it	 possible	 to	 find	 the	 temperature	 coefficient	b	 of	 the	








b	 used	 to	 quantify	 the	 effect	 temperature	 has	 on	 a	 PV	 cell	 parameter	 ,	 normally	 given	 as	
percentage	change	per	degree	Celsius	[%/°C]	or	as	unit	part	per	million	per	Kelvin	[ppm	K-1	[9].	
The	manufacturers	of	PV	panels	usually	 include	 the	b	 of	 the	power	 for	 the	panel,	 as	 a	 tool	 to	
contribute	in	the	prediction	of	the	final	production	of	a	system.	b	is	an	important	parameter	for	











2.5 Production of silicon solar cells 
2.5.1 Silicon production 
	
By	 far	 the	most	 used	material	 in	 converting	 solar	 radiation	 to	 electricity	 today	 is	 crystalline	
silicon		






the	 land	 surface	 and	 20	%	 of	 the	 Earth’s	 crust	 is	 Quartz[21].	 To	make	 silicon	 usable	 for	 PV	
production	 it	 needs	 to	be	purified	 at	 least	 to	 solar-grade	 silicon	which	 is	99.999%	(5N)	pure,	
typically	electronic-grade	silicon	which	is	9H	pure	is	used	in	PV	cells[9,	22].	The	purification	of	
silicon	is	done	in	steps,	the	first	step	is	called	coke	reduction	and	is	done	by	treating	the	silicon	
rich	 sand	 in	 an	 arc	 furnace	which	 gives	metallurgical	 grade	 silicon.	 The	 second	 step	 done	 by	
dissolving	the	silicon	in	Hydrogen	Chloride	and	then	a	third	step	is	ether	a	Siemens	process	or	a	
modified	Siemens	process	to	get	high	purity	Polysilicon.	The	second	and	third	step	can	also	be	







2.5.2 Cell production 
	
The	production	method	of	the	cells	is	influenced	by	several	factors,	such	as	price,	time	and	the	






in	a	panel.	The	shape	 is	very	typical	 for	c-Si	and	can	be	seen	 in	 the	(a)	cell	 in	Figure	2-8.	This	








The	cells	 tested	 in	 this	 thesis	are	multicrystalline	 (mc-Si)	 cells	made	by	Elkem	Solar	Siliconâ.		
The	process	of	making	mc-Si	wafers	has	undergone	significant	changes	later	years.	Today	ms-Si	






















3.1 Light soaking 
	
Light	 induced	degradation	(LID)	 is	a	relatively	new-found	phenomenon,	where	 it	 is	 found	that	
newly	produced	PV	cells	are	changing	characteristics	the	first	few	hours	of	being	in	the	light.	The	
cause	of	LID	is	not	fully	agreed	upon	yet,	however	there	are	two	common	theories.	The	first	is	
that	 it	 is	 caused	 by	 metal	 impurities	 in	 the	 silicon,	 it	 is	 suggested	 that	 metal	 particles	 are	
gathering	especially	in	the	grid	boundaries	and	then	affects	the	parameters	of	the	cell.	The	other	
popular	theory	is	caused	by	hydrogen	atoms	which	are	introduced	in	the	production[11].	There	







light	 induced	degradation	all	 cells	were	 light	soaked	 in	48	hours.	 If	 it	 is	necessary	 to	soak	 the	
cells	 for	48	hours	 is	not	certain.	However,	48	hours	has	been	the	norm	at	the	PV	lab	for	some	
time	and	then	it	is	good	to	continue	with	the	same	amount	of	time	for	new	cells	so	that	they	can	















The	NeonSee	device	uses	 a	 testing	 tray	with	 capacity	 of	 one	 cell	 at	 a	 time,	 the	 cell	 is	 secured	
using	vacuum	pressure	 creating	a	near	perfect	 connection	between	 the	 copper	 connector	 and	





in	 the	 middle	 of	 the	 brass	 plate.	 The	 machine	 uses	 a	 heat	 pump	 to	 control	 temperature	 by	






15min	 in	 between	 to	 ensure	 that	 the	 lamp	 is	 stable	 and	 to	 ensure	 that	 the	 system	 is	 fully	


















To	 create	 accurate	 and	 consistent	 data	 the	 selected	 cells	 are	 measured	 using	 three	 different	
methods	which	measures	the	cells	slightly	differently.	Measuring	with	different	methods	makes	
it	possible	to	look	at	the	consistency	of	the	results	and	can	also	give	an	indication	of	the	validity	
of	 the	 results.	 The	 difference	 in	 measuring	 methods	 is	 both	 in	 software	 differences	 and	 in	
measuring	 hardware.	 Software	 controlled	 differences	 is	 things	 like	 temperature	 triggers	 and	
temperature	 control	 for	 the	 different	 methods.	 Hardware	 differences	 is	 that	 in	 some	 of	 the	





3.2.3 Temperature scan  
For	every	PV	cell	measured	a	 temperature	scan	(Tscan)	 is	done	to	make	IV	measurements	 for	
temperatures	 from	 25°C	 to	 70°C	with	 a	 high	 temperature	 accuracy.	 The	 Tscan	measurement	






3.2.4 Suns -Voc and Isc – Voc  
The	reason	 for	using	Suns	–	Voc	and	Isc	–	Voc	measurements	are	 to	get	 IV	curves	without	Rs.	
This	 is	done	by	varying	 the	 illumination	of	 the	 tested	cell	and	measuring	 Isc	and	Voc	at	every	
illumination	level.	The difference between Suns-Voc and Isc-Voc is that Suns-Voc uses a light sensor 
to calculate current by measuring the changing illumination, while Isc-Voc directly measures current 
from the cell. The Suns-Voc is not affected by Rs since no current is pulled from the cell. For Isc-Voc 





time	 per	measurement	 and	 the	 changing	 heat	 from	 the	 lamp	makes	 it	 difficult	 to	maintain	 a	
desired	 temperature.	 Temperature	 stability	 is	 especially	 difficult	 at	 the	 higher	 temperatures	
where	 the	 ambient	 air	 is	 contributing	 in	 cooling	 the	 machine	 whole	 the	 lamp	 is	 on	 low	








3.2.5 Lab time and routines 
	


















3.2.6 Cells tested 
	





















Al-BSF  PERC 0.5 PERC 1.3 
2099-07-005 3645-22-003 3643-22-003 
2099-07-009 3645-22-012 3643-22-008 
2099-07-012 3645-22-022 3643-22-013 
2099-07-022 3645-22-031 3643-22-022 
2099-07-027 3645-22-041 3643-22-041 






calculation	 and	 analysation.	 	 Some	 cells	 had	 to	 be	measured	more	 times	 because	 of	 error	 or	
inaccuracy	in	the	measurements,	however	the	number	of	tests	used	is	the	one	stated	before.		
	
The	 reason	 for	 doing	 three	measurements	 per	 temperature	 per	 cell	 for	 Suns-Voc	 and	 Isc-Voc	
was	to	get	better	data	 for	error	analysis	and	to	get	some	 indication	of	 the	accuracy	of	 the	sun	
simulator	 measurements	 and	 the	 calibration	 process.	 For	 the	 Al-BSF	 cells	 the	 temperatures	
were	more	stable	than	for	the	PERC	cells	and	the	results	showed	good	linearity	and	low	errors	















3.3 Data analysis 
	
Measurement	data	from	the	sun	simulator	comes	as	txt	files	which	is	treated	in	excel	to	calculate	
the	 parameters	 necessary.	 In	 the	 analysis	 the	 differences	 of	 the	 three	measuring	 techniques,	
Suns-Voc,	Isc-Voc	and	Tscan,	described	previously	is	taken	advantage	of.	One	of	the	main	goals	
in	 this	 thesis	 is	 to	 see	 how	much	 of	 an	 effect	 Rs	 has	 on	 the	 PV	 cell.	 This	may	 be	 possible	 to	
observe	 by	 comparing	 results	 from	Suns-Voc	 and	 Isc-Voc	with	Tscan.	 Since	 all	 the	 tests	were	
done	in	the	same	environment,	it	can	be	assumed	that	any	major	differences	may	be	from	the	Rs.		
	
3.3.1 Comparison between IV curve measurements 
In	the	analysis	the	first	step	taken	was	to	test	the	accuracy	of	measurements.	The	three	different	
measurement	techniques	have	different	technical	methods	to	gather	much	the	same	data.	To	be	
















3.3.2 Temperature coefficients 
	
The	 main	 goal	 of	 the	 thesis	 is	 to	 compare	 temperature	 coefficients	 from	 some	 chosen	
parameters.	 Namely	 testing	 the	 if	 there	 was	 a	 difference	 in	 b	 and	 if	 there	 is	 when	 it	 occurs	
between	Voc	and	Vmpp	and	Isc	and	Impp.	Temperature	coefficient,	as	explained	in	Chapter	2,	is	
















are	 accurate	 data	 is	 reliable.[28]	 	 Accuracy	 in	 the	 measurements	 also	 indicates	 that	 the	
calibration	process	is	reliable.		
	
Effectively	 the	 b	 is	 the	 slope	 of	 a	 curve	 when	 the	 curve	 is	 for	 a	 parameter	 over	 several	
temperatures.	In	Figure	3-5	the	equation	for	each	curve	is	given	as:	
 	
	𝑦	 = 	𝑚𝑥	 + 	𝑏	
	






3.3.3 Plotting temperature coefficients using LINEST 
	
To	get	accurate	results	for	b	it	is	directly	calculated	using	the	LINEST	function	in	excel	following	
Professor	Faith	A.	Morrison’s	paper	on	“Obtaining Uncertainty Measures on Slope and Intercept of 
a Least Squares Fit with Excel’s LINEST” [29].	The	LINEST	function	returns	an	array	of	ten	statistics	





𝑛 ∑ 𝑥LMLNO 𝑦L − (∑ 𝑥LMLNO )(∑ 𝑦LMLNO )






























































For	 the	 Tscan	 results	 displayed	 in	 both	 Figure	 4-1	 (a)	 and	 (b),	bVoc	and	bVmpp	 are	 statistically	




with	a	small	ramp	up	 in	cell	012.	 	Cell	005	and	009	have	slightly	higher	standard	deviation	 in	
bVmpp	than	the	rest	of	the	Tscan	results.		
	
For	 the	 Suns-Voc	 results	 displayed	 in	 Figure	 4-1	 (a),	 the	 trend	 is	 that	 bVoc	 and	 bVmpp	 are	
statistically	different,	where	all	tested	cells	show	higher	values	for	bVoc	than	for	bVmpp.	Most	of	the	
cells	also	have	no	overlapping	of	the	standard	deviation	the	exceptions	are	cell	009	and	012.	bVoc	
results	 from	Suns-Voc	 is	virtually	 identical	 to	bVoc	results	from	Isc-Voc	shown	in	Figure	4-1(b).	
The	bVoc	is	also	the	same	value	within	standard	deviation	 for	both	Tscan	and	Suns-Voc	results,	
except	 for	 cell	 009,	 where	 bVoc	 is	 slightly	 higher	 for	 the	 Suns-Voc	 result.	 Some	 noticeably	





where	 all	 tested	 cells	 show	 higher	 values	 for	bVoc	than	 for	bVmpp	except	 of	 cell	 034,	where	 the	
opposite	 is	 true.	 Since	 bVoc	 from	 Suns-Voc	 are	 almost	 identical	 to	 bVoc	 from	 Isc-Voc,	 the	
connection	is	also	the	same	between	bVoc	results	from	Tscan	and	Isc-Voc.	Compared	to	the	Suns-
Voc	data,	bVmpp	 is	slightly	 larger	and	the	standard	deviations	are	 larger,	making	the	distinction	
between	bVoc	and	bVmpp	less	clear	for	the	Isc-Voc	results.			Some	noticeably	differences	in	the	Isc-






















Voc	 displayed	 in	 Figure	 4-2	 (b),	 the	 only	 noticeable	 difference	 is	 that	 bVmpp	 from	 Isc-Voc	 is	
































008,013	and	052,	bVoc	and	bVmpp	 can	be	seen	as	statistically	different,	 since	 there	 is	no	overlap	
















4.2 Discussion for Voc and Vmpp measurements 
	
The	reason	 for	measuring	Voc	and	Vmpp	and	calculating	bVoc	and	bVmpp	was	 to	 investigate	 the	










For	 the	majority	 of	 the	 bVoc	and	 bVmpp	 results	 for	 all	 the	 cells,	 Suns-Voc	 and	 Isc-Voc	methods	
produce	similar	results.	This	 is	closest	 in	the	results	for	bVoc	where	most	cells	show	a	virtually	
identical	 value	 for	 the	 two	methods.	 There	 are	 small	 variations	 in	bVmpp	 for	most	 cells,	which	
probably	is	caused	by	the	different	techniques	being	used	to	measure	current.	I	consider	the	Isc-
Voc	results	as	 the	most	accurate	and	realistic	 for	 the	 tested	cell,	because	 Isc-Voc	 is	measuring	
the	 current	 directly	 from	 the	 tested	 cell,	 whereas	 the	 Suns-Voc	 uses	 a	 separate	 sensor	 to	
calculate	the	current	mentioned	in	chapter	2.7.	
	
The	 results	 from	 the	 Tscan	 measuring	 shows	 a	 trend	 that	 there	 is	 a	 statistically	 significant	
difference	 between	bVoc	and	bVmpp.	 In	 all	 the	 tested	 Al-BSF	 cells,	bVoc	was	 higher	bVmpp	with	 no	
overlapping	in	the	standard	deviation.	The	same	result	was	observed	for	the	two	other	types	of	
cells,	except	of	PERC	0.5	cell	number	003	and	PERC	1.3	cells	003	and	013,	where	the	standard	
deviation	 of	 the	 slopes	 overlapped,	 and	 the	 parameters	 cannot	 be	 described	 as	 statistically	
different.	There	is	still	a	clear	indication	that	there	may	be	a	difference	in	bVoc	and	bVmpp	from	the	











then	bVmpp	would	be	equal	 to	bVmpp	for	 the	Suns-Voc	and	 Isc-Voc	measurements	which	are	not	
affected	by	Rs.	This	is	however	typically	not	the	trend	in	the	results,	indicating	that	Rs	is	not	the	
only	 parameter	 affecting	 b.	 By	 there	 being	 a	 majority	 of	 cells	 showing	 a	 trend	 where	 bVoc	 is	
similar	and	bVmpp	is	different	between	the	measuring	techniques	with	and	without	the	Rs,	there	
is	an	indication	that	Rs	is	affecting	bVmpp.	The	extent	of	the	effect	from	Rs	is	uncertain	due	to	the	












silicon	block,	 lower	numbers	 indicate	 a	 lower	position	 in	 the	block.	 The	position	 in	 the	block	
gives	slightly	different	cell	architecture	which	is	as	seen	here	affecting	performance	of	the	cell.		
	
The b results for Voc and Vmpp are displayed in mV/K which is a very small unity, however it is 
important to remember that this is measurements for single PV cells. If the STC Voc=650mV for one 
cell and there are generally around 60 cells per panel then 2mV/K can mean a lot for a system. As	a	
scale	 the	 difference	 between	b	 from	 Voc	 and	 Vmpp	 is	 in	most	 of	 the	 cells	making	 less	 of	 an	








A	 lot	 of	 the	 result	 analysis	 and	 assumptions	 of	 the	 different	 trends	 given	 for	 the	 tested	
parameters	 are	 affected	by	 the	 standard	deviation	of	 the	 slope	of	 each	 tested	parameter.	 The	
method	 used	 to	 calculate	 the	 standard	 deviation	 of	 slope	 is	 explained	 in	 Chapter	 3.3.3.	 This	
standard	 deviation	 is	 basically	 stating	 how	much	 the	 data	 varying	 from	 each	 other	 and	 how	
much	they	vary	from	a	straight	line,	which	tells	something	about	the	spread	in	the	data	and	the	
certainty	of	 the	measurements.	For	all	results	standard	deviation	 is	projected	by	error	bars	 in	
the	parameters	colour.	From	cell	 to	cell	 the	error	bars	are	varying	in	size	for	all	measurement	
techniques.	 The	 number	 of	 measurements	 per	 temperature	 per	 cell	 and	 the	 temperature	
interval	of	measurements	affect	how	reliable	the	results	are,	 the	amount	of	measuring	for	this	
thesis	 is	 explained	 in	 Chapter	 3.2.5.	 Realistically	 the	 assumptions	made	 here	 is	 based	 on	 the	




BSF	 cells	 in	 the	 Suns-Voc	 and	 the	 Isc-Voc	 results	 is	 very	 positive	 for	 the	 confidence	 in	 the	















In	 all	 the	 figures	 in	 this	 chapter	 the	 different	b	 parameters	 are	 displayed	 as	 following,	 ßIsc	 is	
shown	as	green	triangles	with	green	error	bars,	ßImpp	is	shown	with	a	red	X	and	red	error	bars.	



















































cells	show	higher	values	 for	bIsc	than	 for	bImpp.	except	of	cell	003	and	022,	where	 the	standard	
deviation	is	overlapping,	all	the	cells	have	statistically	different	bIsc	from	bImpp.	The	value	of	bIsc	is	
similar	for	all	cells	except	003,	where	bIsc	is	lower	for	Suns-Voc	and	Isc-Voc	results.	Cell	003	have	
















Figure	 4-6	 is	 presenting	 bIsc	 and	 bImpp	 from	 six	 PERC	 1.3	 cells	 measured	 using	 Suns-Voc	 and	
Tscan	in	Figure	4-6(a)	and	using	Isc-Voc	and	Tscan	in	Figure	4-6(b).		
	
For	 the	Tscan	results	displayed	 in	both	Figure	4-6	 (a)	and	 (b),	bIsc	 and	bImpp	have	overlapping	
standard	deviations	for	the	first	three	cells.	For	the	first	two	the	standard	deviation	is	noticeably	






















Generally,	 the	 results	 show	 that	 b	 for	 current	 is	 more	 chaotic	 than	 for	 voltage	 data.	 Results	





there	 are	 some	 cells	 that	 ether	 shows	 the	opposite	 result	 or	 in	 other	way	 are	distinguishable	
from	 the	 rest.	This	 variation	 in	 result	may	also	be	 caused	by	 the	measuring	process,	which	 is	
harder	for	current	than	for	voltage.	For	almost	all	cells	the	bIsc	results	are	virtually	identical	for	














high	 for	measurements	 at	35°C.	The	high	values	are	 consistent	 for	 all	measurements	 for	 each	
temperature,	 which	 indicates	 that	 the	 error	 is	 not	 in	 measuring.	 Higher	 standard	 deviation	













Three	 types	of	multicrystalline	 cells	was	measured	using	 a	NeonSee	AAA	 sun	 simulator,	 for	 a	
total	 of	 18	 tested	 cells	 all	 produced	 by	 Elkem	 Solar.	 Measurements	 are	 done	 for	 normal	
operational	 temperatures	 for	 a	 solar	 cell,	 from	 25°C	 to	 65°C.	 The	 different	 cells	 tested	 was		
Al-BSF,	PERC	0.5	and	PERC	1.3	cells.	The	measurement	data	have	been	calculated	using	Excel	
give	 b	 results	 for	 Voc,	 Vmpp,	 Isc	 and	 Impp.	 Then	 the	 main	 question,	 “to	 what	 degree	 is	 the	
temperature	coefficient	equal	for	Voc	and	Vmpp	and	how	does	series	losses	affect	the	two”,	have	
been	 investigated.	 The	 same	question	 for	 Isc	 and	 Impp	have	 also	 been	 investigated.	 Together	
these	steps	are	giving	the	conclusions	in	the	following	paragraphs.		
	








bVoc	being	 statistically	 significant	 different	 to	 bVmpp	as	 the	 Tscan	 results,	 however	 the	 level	 of	
certainty	is	lower.	This	lover	certainty	is	based	on	more	variation	in	the	results	from	the	Suns-
Voc	and	Isc-Voc	data.	For	most	of	the	cells	calculated	standard	deviation	is	very	low,	which	may	
change	 if	more	 lab	 testing	 is	 done	 on	 the	 individual	 cells.	However,	 the	 standard	deviation	 is	
smaller	for	the	two	sets	of	PERC	cells	than	for	the	Al-BSF	cells,	which	is	positive	since	the	PERC	
cells	were	measured	three	times	per	temperature	step	while	the	Al-BSF	cells	were	tested	once	










Generally,	 the	 results	 show	 that	 b	 for	 current	 is	 more	 varying	 than	 for	 voltage	 data.	 Results	
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7.2 Appendix B 
Isc	and	Impp	here	is	from	Suns-Voc	measurements.	
	
Isc	and	Impp	per	temperature	for	Al-BSF	
	
	
	
	
	 	
						
	
38	
Isc	and	Impp	per	temperature	for	PERC	0.5	cells	
	
	
	 	
						
	
39	
Isc	and	Impp	per	temperature	for	PERC	1.3	cells	
	
	
	
	
	
	
	
